The gene product of At3g22680 from Arabidopsis thaliana codes for a protein of unknown function. The crystal structure of the At3g22680 gene product was determined by multiple-wavelength anomalous diffraction and refined to an R factor of 16.0% (R free = 18.4%) at 1.60 Å resolution. The refined structure shows one monomer in the asymmetric unit, with one molecule of the non-denaturing detergent CHAPS {3-[(3-cholamidopropyl)dimethylammonio]-1-propane sulfonate} tightly bound. Protein At3g22680 shows no structural homology to any other known proteins and represents a new fold in protein conformation space.
Introduction
At3g22680 was selected for structure determination by our group at the Center for Eukaryotic Structural Genomics (CESG) because it was predicted to have little or no structural homology to any protein in the PDB. The At3g22680 gene of Arabidopsis thaliana encodes a protein with a molecular weight of 18.0 kDa (residues 1-157) and a calculated isoelectric point of 5.11. In this paper, we report the threedimensional structure of the At3g22680 protein at 1.60 Å determined by multiple-wavelength anomalous diffraction (MAD; Hendrickson, 1991) . The final refined At3g22680 structure shows one molecule of CHAPS tightly bound to one monomer of At3g22680 in the asymmetric unit. The structure was determined under the National Institutes of Health NIGMS Protein Structure Initiative.
Materials and methods
The gene encoding the At3g22680 protein was cloned and a selenomethionine-labeled protein was purified following the standard CESG pipeline protocol for cloning (Thao et al., 2004) , protein expression , protein purification and overall information management (Zolnai et al., 2003) . Briefly, the target was cloned from mRNA from the A. thaliana ecotype Columbia T87 cell line. The gene sequence was verified by DNA sequencing and then cloned into a pQE80-derived expression vector, yielding an N-terminal His 6 -tag fusion protein. The expression vector was then transformed into Rosetta cells (Novagen, Madison, WI, USA) and the cell culture grown in polyethylene terephthalate beverage bottles using Terrific Broth medium. Selenomethionyl protein was expressed in a B834(DE3) pLacI+RARE expression host using PASM-5052 autoinducing medium (Studier, 2005) for 25 h at 298 K in 500 ml batches in 2 l bottles. Both native and selenomethionyl protein were purified by IMAC chromatography and concentrated to 10 mg ml À1 before being stored in a buffer containing 100 mM NaCl, 0.3 mM tris(2-carboxyethyl)phosphine hydrochloride (TCEP) and 10 mM HEPES pH 7.0 at 193 K. The target sequence and extent of selenomethionine incorporation was confirmed by ESI and MALDI mass spectrometry. The oligomeric state of the At3g22680 gene product was analyzed by analytical gelfiltration chromatography. For this purpose, a Superdex 200 10/300 column was used mounted on an AKTA FPLC chromatographic system.
Initial crystallization trials were conducted using native protein and the sitting-drop method, with 0.75 ml protein being mixed with an equal volume of mother liquor. Two conditions produced microcrystalline material: (i) 0.8 M Li 2 SO 4 and 100 mM HEPPS pH 8.5 at 293 K and (ii) 2% PEG dimethyl ether 500, 1.0 M (NH 4 ) 2 SO 4 and 100 mM Bis-Tris propane pH 8.5 at 277 K. In an attempt to produce better crystals, a stochastic screen was used (Segelke, 2001) and the protein concentration was reduced to 5 mg ml À1 . Well diffracting crystals of both the native and selenomethionine form of At3g22680 were obtained by the hanging-drop method with 2 ml protein being mixed with an equal volume of mother-liquor solution containing 0.73 M (NH 4 ) 2 SO 4 , 40 mM MgSO 4 , 0.41%(w/v) of the non-denaturing zwitterionic detergent CHAPS {3-[(3-cholamidopropyl)dimethylammonio]-1-propane sulfonate} and 100 mM HEPES pH 8.5 at 293 K. Diamond-shaped crystals (100 Â 80 Â 50 mm) typically appeared in 24 h. Crystals of both the native and selenomethionyl proteins belong to space group P3 1 21, with native crystal unit-cell parameters a = b = 83.5, c = 60.6 Å and selenomethionyl crystal unitcell parameters a = b = 83.6, c = 61.1 Å . Crystals were cryoprotected by soaking in well solution supplemented with increasing concentrations of ethylene glycol up to a final concentration of 35%(v/v). X-ray diffraction data for native and selenomethionyl crystals were collected at BioCARS 14-BMD and sector 32-IDB beamlines at the Argonne National Laboratory Advanced Photon Source, respectively. All X-ray diffraction data were integrated and scaled using the HKL2000 package (Otwinowski & Minor, 1997) . The asymmetric unit contains one monomer of At3g22680, which contains five SeMet residues. The program SOLVE (Terwilliger & Berendzen, 1999) was used to locate the selenium sites and calculate phases, with all five selenium sites being included for phase calculations. Electron-density modification was subsequently performed with the program RESOLVE (Terwilliger, 2000) . The automatic tracing procedure in ARP/wARP (Perrakis et al., 1999) was used to produce a preliminary model which had 96% of all final model residues and side chains placed. The structure was completed using alternate cycles of manual building in Xfit (McRee, 1999) and refinement in REFMAC (Murshudov et al., 1997) . Following two initial rounds of refinement using peak data to 1.69 Å , the model was refined using native data to 1.60 Å . Electron density for the steroid core and the first eight C atoms of the tail of a single CHAPS molecule was clearly visible in the first experimentally phased electron-density map and was included in subsequent refinement cycles. The initial CHAPS model and parameter files used for structure refinement were obtained from the HIC-up database (Kleywegt & Jones, 1998) . All refinement steps were monitored using an R free value based on 5.1% of the independent reflections. The stereochemical quality of the final model was assessed using PROCHECK (Laskowski et al., 1993) and MolProbity (Lovell et al., 2003) . The Ramachandran plot demonstrated that 97.2% of the residues lie in the most favored regions and 2.8% of the residues are in the additionally allowed regions.
Results and discussion
The structure of At3g22680 has been solved to 1.60 Å . Data collection, refinement and model statistics are summarized in Tables 1 and 2. The final model contains one monomer in the asymmetric unit, with 77% of all possible residues and side chains built in. No electron density was observed for residues 1-35 and the carboxy-terminal residue Lys157. Retrospective SDS-PAGE analysis of the freezer stocks of At3g22680 indicated that it had undergone partial proteolysis during desalting and final concentration. This may explain the lack of electron density for the amino-terminus of the protein in the crystal structure. The final model also contains one tightly bound CHAPS molecule, four ethylene glycol molecules, three sulfate ions and 172 waters. The At3g22680 monomer belongs to the all-class of proteins and consists of two 3 10 -helices and five -helices ranging from nine to 17 amino acids in size (see Fig. 1 ). In an attempt to classify the fold of At3g22680, a structural homology search was conducted using both the DALI and VAST servers (Holm & Sander, 1993; Madej et al., 1995) . The DALI server identified four very weak potential structural homologs (with Z > 2.0). The top score was from an RNA polymerase factor from Streptomyces coelicolor, with Z = 2.3, an r.m.s.d. of 3.0 Å over 52 aligned C residues and 4% structural genomics communications 648 Allard et al. At3g22680
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Se peak Se edge Se remote jF obs j À jF calc j = P h jF obs j, where F obs and F cal c are the observed and calculated structure-factor amplitudes, respectively. ‡ R merge was calculated as R cryst using 5.1% of the randomly selected unique reflections that were omitted from structure refinement. sequence identity (PDB code 1h3l; Li et al., 2002) . The VAST server identified only one potential structural neighbor, a Rhodococcus species haloalkane dehalogenase with a VAST score of 4.8, an r.m.s.d. of 2.8 Å over only 30 aligned residues and 13.3% identity (PDB code 1cqw; Newman et al., 1999) . Analysis of the superposition of these structures onto At3g22680 revealed that these potential hits represent nothing more than circumstantial alignments of scattered -helices. The fold of At3g22680 is therefore unique and has not been previously observed in other protein structures.
Sequence analysis of At3g22680 by the profile-profile foldrecognition tool FFAS03 (Jaroszewski et al., 2000) confirmed that no previous PDB entry with a family relationship to At3g22680 existed in the RCSB Protein Data Bank at the time of manuscript submission. To identify any biochemically important structural features of At3g22680, we also analyzed patterns of evolutionary conservation within its primary sequence. Analysis by PSI-BLAST (Altschul et al., 1990 ) revealed a rice protein (Oryza sativano; primary accession No. Q67IW5) of unknown function that showed 61% identity to At3g22680 over 131 residues. The same rice protein was also identified by a UNIPROT-BLAST search (Bairoch et al., 2005) , giving an E value of 2 Â 10 À42 ; all other matches had an E value > 2.0 and were judged to be insignificant. The 61% sequence identity between the A. thaliana and O. sativano proteins included all the At3g22680 CHAPS-binding residues discussed below. The high level of sequence identity between these two proteins and the fact that they are found only in A. thaliana and O. sativano suggests that At3g22680 may represent a plant-specific fold.
The steroid core of the CHAPS molecule is bound to a hydrophobic pocket created by the amino-terminal and carboxy-terminal parts of the At3g22680 monomer. The hydrophobic side of the CHAPS steroid core interacts with the At3g22680 surface by hydrophobic contacts with residues Ala42, Met44, Tyr45 and Tyr48 of the amino-terminal -helix (residues Leu39-Lys50) and carboxyterminal residues Trp140, Tyr146, Ile150 and Ile153. The binding of the CHAPS molecule within this hydrophobic pocket suggests that these residues may interact with an unidentified natural ligand.
Analytical gel filtration indicates that the gene product of At3g22680 is likely to be a homodimer in vitro. Analysis of crystal packing shows that two At3g22680 monomers related by a crystallographic twofold axis interact via a four-helix bundle, utilizing helix residues Leu85-Ser96 and Ile111-Thr130 from each symmetryrelated monomer (see Fig. 2 ). The protein-protein interface area involved in dimer formation is 1152 Å 2 , with 71% of the surface area in the buried dimer surface interface being non-polar.
Additional examination of At3g22680 crystal packing reveals that CHAPS is involved in stabilizing crystal-packing contacts between dimers along the crystallographic 3 1 screw axis. Between each crystallographically related 3 1 dimer is a cavity containing one molecule of tightly bound CHAPS. The cavity is made up from the hydrophobic residues discussed above and residues Ile62, Pro63, Phe64, Thr65, Ile72, Ser73, Met74, Gln76 and Leu77 from the monomer related by the crystallographic 3 1 screw axis. The presence of CHAPS at these crystal-packing interfaces is likely to contribute to the good diffraction quality of the crystals (Gall et al., 2003; Itou et al., 2002; Klaholz & Moras, 2000) .
In conclusion, this work shows that At3g22680 represents a new fold in protein conformational space that is possibly unique to plants.
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Figure 1
A ribbon diagram of the crystal structure of At3g22680 color coded from the amino-terminus (blue) to the carboxy-terminus (red). CHAPS is depicted in yellow stick format with the elements color coded as follows: oxygen, red; nitrogen, blue; carbon, yellow. The figure was generated using PyMol (DeLano, 2002) .
